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© A light input reflector for optical fiber systems. 

© A light input reflector for optical-fiber systems 
wherein at least 50% of the deviated luminous flux of 
the lamp hits the light entrance surface of the op- 
tical-fiber system. 
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The present invention relates to a light input 
reflector for optical-fiber systems. The reflector is 
calculable with an algorithm and distinguishes itself 
from conventional reflectors by its many times 
higher efficiency. 

Light input reflectors are known from traffic 
signal technology and medical technology for cou- 
pling light into optical-fiber systems, for example 
glass fibers. Up to now efficiencies of 1 to about 
7% have been obtained, based on a 1.5 m glass- 
fiber bundle with an optical diameter of 14 mm 
(efficiency is defined by the DIN standard as the 
coefficient of utilization, the ratio of the luminous 
flux radiated by the illuminating system to the 
luminous flux emitted by the illuminant). 

The efficiencies hitherto reached in light input 
reflectors for optical-fiber systems are very low. In 
addition, the luminous intensity distribution on the 
light entrance surface of the optical-fiber system is 
extremely uneven in known reflectors, which entails 
various serious disadvantages. 

The invention is therefore based on the prob- 
lem of providing an improved light input reflector 
for optical-fiber systems, in particular one char- 
acterized by higher efficiency and permitting uni- 
form light distribution based on the light entrance 
surface of the optical-fiber system. 

The invention is based on the finding that this 
problem can be solved by calculating the reflector 
curve according to a certain algorithm that does not 
correspond to the algorithm for an ellipse or pa- 
rabola. 

The object of the invention is a light input 
reflector for optical-fiber systems characterized in 
that at least 50% of the deviated luminous flux of 
the lamp hits the light entrance surface of the 
optical-fiber system. 

Conventional reflectors did not permit such 
high illumination of the light entrance surface. At 
least 80%, in particular at least 85%, of the de- 
viated luminous flux of the lamp is preferably guid- 
ed onto the light entrance surface. 

The inventive light input reflector permits the 
efficiency according to the above definition to be 
increased to about 30%. 

The light input reflector is also characterized in 
that the luminous intensity is very constant over the 
light entrance surface of the optical-fiber system, in 
particular varying no more than 10%, preferably no 

more than 5%. 

This makes it possible to avoid the hitherto 
customary disadvantages in the luminous intensity 
distribution at the input point, as given e.g. in 
ellipsoid reflectors, which theoretically offer the 
best focusing but cause extreme irregularities in 
light distribution. 

Evening out the luminous intensity distribution 
on the optical entrance surface simultaneously 



means a reduction of extreme temperature peaks 
due to the focused electromagnetic radiation, per- 
mitting higher lamp strengths. 

The light deviation of the reflector takes place 
5 with consideration of the light distribution curve of 
the lamp. The luminous flux of the lamp is deviated 
into a solid angle range which originates in the 
optical light entrance diameter of the optical-fiber 
system. This ensures that more than 85% or even 
w more than 90% of the deviated luminous flux of the 
lamp hits the light entrance surface of the optical- 
fiber system and can be taken up there. 

The geometry of the inventive reflector is cal- 
culated according to the following formula: 

beta(n-M) = 1/2{alpha(n + 1)+ + arctan«(tan 
gamma(n)) ~ 2 + /-dphi/(pi*h * 2*Em)) * (1/2))} 
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wherein: 

beta(n + l) is 
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the angle of the algorithmical- 
ly following reflector tangent; 
the first reflector tangent is 
calculated from the geometri- 
cal conditions resulting from 
the choice of gamma(n) and 
alpha(n) 

alpha(n + 1) is the angle of the lamp ray fol- 
lowing after definition of the 
first lamp ray; delta-alpha 
holds as the criterion for the 
fineness of resolution of the 
calculated coordinates; start 
value alpha(n) characterizes 
the desired range as of which 
the light *ays of the lamp are 
to hit the reflector 
the angle of the desired first 
reflector ray 

the luminous flux of the lamp 
in the solid angle range to be 
calculated (see Catalog of II- 
luminants) 

the circle ratio 3.1415... 
the distance of the useful 
plane, and 

Em is the desired mean luminous in- 

tensity or the result of total 
luminous flux of the lamp, 
max. angle of radiation and 
distance h of the useful plane. 
From the mathematical intersection of the 
straight line with the calculated slope beta(n + l) 
and the straight line with the slope alpha(n + l) one 
can calculate the concrete coordinates. 
55 The essential feature of tbe formula is that the 

crucial value, the slope of the reflector tangent, is 
initially independent of the reflector size, resulting 
in a group of curves of identical reflector shapes. 
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gamma(n) is 
dphi is 



pi is 
h is 
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Definition of the constructional diameter also 
defines the reflector to be designed. 

Furthermore the conception of the calculated 
reflector takes into consideration that diverse op- 
tical-fiber systems have different optical entrance 
diameters (or entrance surfaces). By shifting the 
lamp within the reflector one can adapt the light 
distribution of the calculated reflector to the various 
entrance diameters, thereby retaining both the high 
efficiency and the uniform distribution of luminous 
intensity on the light entrance surface of the op- 
tical-fiber system. 

By applying a dichroic coating to the reflector 
one obtains a further improvement with respect to 
the reduction of thermal radiation. In particular it is 
advantageous to use a dichroic coating which al- 
ready stops reflecting the arising thermal radiation 
of the lamp as of about 700 nm, transmitting it into 
the surrounding lamp housing from where this elec- 
tromagnetic radiation is dissipated in the form of 
convective heat. 

This means for the illuminating system that, 
due to the calculated and specially coated reflector, 
the thermal radiation is considerably reduced when 
passing into the optical-fiber system and very l.ttle 
thermal radiation leaves the optical-fiber system 
toqether with the transmitted visible light. 

This is particularly important in various cases 
of application, such as glass cabinets, since one 
can provide in this way. and in combination with a 
qlass-fiber optical system which also filters the UV 
radiation below 400 nm. an illuminating system 
which only emits light within the humanly visible 
spectrum. All unnecessary or even disturbing elec- 
tromagnetic radiation can thus be eliminated. 

It is possible to increase or reduce the cal- 
culated reflector curve path due to technical mar- 
ginal conditions, and to obtain the same effect for 
various optical-fiber systems. This is particularly 
important with respect to the great dive rsrty of 
lamps because it permits a special reflector to be 
made for each type of lamp according to the cal- 
culated reflector by using all existing so-called 
point sources of light (such as halogen bulbs, halo- 
gen lamps, metal vapor lamps, short-arc amps, 
etc.). whereby the resulting assortment of reflectors 
(group of curves) differs only In the size of the 
reflectors, while the curve path is retained accord- 
ing to the same algorithm or the same marginal 
conditions. 

The marginal conditions are. firstly, the dimen- 
sioning of the reflector size by the selection of 
angles of lamp irradiation alpha 1 and alpha 2 and 
secondly the definition of the radiation patterns of 
the reflector for light focusing beginning with gam- 
ma 1 up to the maximum angle of radiation gamma 
max. The path of the reflector curve (tangential 
slopes) is calculated according to the algorithm to 



obtain a uniform luminous intensity on the optical 
light entrance diameter. Various focal positions for 
obtaining different diameters on the optical light 
entrance diameter can be taken into consideration 
5 The invention will be explained in more detail 

in the following with reference to the drawing. 

The single figure shows a schematic repre- 
sentation of the light radiated by a light input 
reflector being coupled into an optical-fiber system. 
,o The light of lamp 1 with focus 2 is reflected by 
reflector 3 onto light entrance surface 7 of optical- 
fiber system 6. 

Number 4 refers to the group of possible re- 
flector curves of different sizes which are defined 
» 5 by angles alpha 1 and alpha 2. 

The optical axis is referred to as 5. 
The radiation patterns are defined via angles 
gamma 1 and the maximum angle of radiation 
gamma max. 

20 

Claims 



1 A light input reflector for optical-fiber systems, 
characterized in that at least 50% of the 

25 deviated luminous flux of the lamp hits the 

light entrance surface of the optical-fiber sys- 
tem. 

2 The light input reflector of claim 1 . character- 
ized in that at least 80% of the deviated lu- 
minous flux of the lamp hits the light entrance 
surface of the optical-fiber system. 

3. The light input reflector of claim 1 or 2. char- 
acterized in that at least 85% of the deviated 
luminous flux of the lamp hits the light en- 
trance surface of the optical-fiber system. 

4 The light input reflector of any of claims 1 to 3. 
characterized in that the luminous intensity 
varies by no more than 10% over the light 
entrance surface of the optical-fiber system. 

5 The light input reflector of any of claims 1 to 4. 
characterized in that the luminous intensity 
varies by no more than 5% over the light 
entrance surface of the optical-fiber system. 

6. The light input reflector of any of claims 1 to 5. 
characterized in that the geometry of the 
reflector is calculated according to the formula 

beta(n + l) = 1/2{alpha(n + D + +arctan(((tan 
gamma(n)) - 2 - /-dphi/(pi*h - 2*Em)) - (1/2))} 

wherein 

beta(n + 1 ) is 

the angle of the algorithmically following 
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reflector tangent; the first reflector tangent is 
calculated from the geometrical conditions 
resulting from the selection of gamma(n) 
and alpha(n) 
alpha(n + 1)is 

the angle of the lamp ray following after 
definition of the first lamp ray; delta-alpha 
holds as the criterion for the fineness of 
resolution of the calculated coordinates; 
start value alpha(n) characterizes the de- 
sired range as of which the light rays of the 
lamp are to hit the reflector 
gamma(n) is 

the angle of the desired first reflector ray 
dphi is 

the luminous flux of the lamp in the solid 
angle range to be calculated (see Catalog of 
llluminants) 
pi is 

the circle ratio 3.1415... 
h is 

the distance of the useful plane, and 
Em is 

the desired mean luminous intensity or the 
result of total luminous flux of the lamp, 25 
max. angle of radiation and distance h of 
the useful plane. 

7 The light input reflector of any of claims 1 to 6. 

characterized in that the reflector has a dich- 30 
roic coating. 

8. The light input reflector of claim 7. character- 
ized in that the dichroic coating does not re- 
flect radiation with a wavelength longer than 35 
700 nm. 
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